Knowledge of the spatial variability in soil properties can contribute to effective use and management. This study was conducted to evaluate the spatial distribution of the levels of total organic carbon (TOC) and humic substances (humic acid (C-FAH), fulvic acid fraction (C-FAF), and humin fraction (C-HUM)) in an Ultisol under different land uses, located in the irrigated perimeter of Baixo Acaraú-CE, transition to semiarid Ceará. The distribution and spatial dependence of the humic fractions were evaluated using descriptive statistics, including semivariogram analysis and data interpolation (kriging). The TOC showed a pure nugget effect, whereas the other fractions showed moderate spatial dependence. Forested and banana cultivation areas showed similar distributions of C-FAH and C-FAF, due to the high input of organic matter (leaves and pseudostems) in the area of banana cultivation and the absence of soil disturbance in the forested area. Data interpolation (kriging) and mapping were useful tools to assess the distribution and spatial dependence of soil attributes. Key words: Variability. Soil organic matter. Kriging.
Introduction
In agricultural systems, the dynamics of soil organic matter (SOM) can be influenced by soil management and preparation, culture selection, and addition of fertilizers and organic materials that affect the processes of decomposition and mineralization (LEITE et al., 2003) . Overall, humic substances represent approximately 70% of the total soil organic carbon (TOC) that influences the physical and chemical properties of the soil, and consequently fertility, contributing to increased crop yields (CUNHA et al., 2009; MADARI et al., 2009 ).
In addition to quantity, the quality of the organic matter is important, because C is a source of nutrients and energy for microorganisms, and affects soil functions such as water retention, aggregate stability, and availability of micro and macronutrients, among others (MADARI et al., 2009) . Organic matter quality can be evaluated by quantification of carbon levels associated with various humic substances. These can be distinguished based on chemical characteristics such as solubility, density, and molar mass, as they have different physicochemical characteristics (CUNHA et al., 2005) .
In recent decades, many studies have been conducted on humic substances in Brazil (LEITE et al., 2003; LOSS et al., 2006; EBELING et al., 2011; VALLADARES et al., 2011) . However, only a few studies have been conducted on humic substances in northeastern Brazil, mainly by Cunha et al. (2009) and Souza et al. (2012) .
The effects of management systems that promote different plant biomass contributions can be assessed through characterization of humic substances. Analysis of their effect on soil properties can assist in evaluation of soil quality (CUNHA et al., 2005; MARTINS et al., 2009; LOSS et al., 2010) , as changes in land use can alter the content and quality of SOM (PESSOA et al., 2012) .
Geostatistical techniques provide information on the spatial variability of soil properties in a sampled area, and this knowledge enables planning of appropriate management for each area, by providing detailed data on the effects of soil management that can be used to inform adjustment of inputs and other farming techniques. Thus, geostatistical techniques can be used to determine the minimum number of replicates required for characterization of soil physical and chemical attributes (SOUZA et al., 2006) , and to understand how these attributes vary with crop production response, enabling rational, localized, and individualized application of inputs (LIMA et al., 2010) .
Given that spatial variability in soil properties, vegetation cover, and management influence organic carbon content and SOM composition, this study aimed to assess and map the spatial variability of total organic carbon (TOC) and humic substances (humic acid fraction (C-HAF), fulvic acid fraction (C-FAF), and humin (C-HUM)) in a Ultisol under different management, at 0-20 cm, using descriptive statistics and geostatistical techniques.
Materials and Methods
The study area is located in the irrigated perimeter of Baixo Acaraú-CE (Figure 1) , occupies approximately 0.75 ha, and is located at 40° 3' 48.8" W, and 3° 6' 29.1" S, between the metric coordinates 9656400 and 9656520 south latitude and 381820 and 381940 west longitude (UTM Datum Córrego Alegre, Zone 24). The area is divided into three distinct uses: native forest (0.13 ha), guava cultivation (Psidium guajava L., 0.42 ha), and banana cultivation (Musa cavendishii, 0.20 ha). The forest area consists of "capoeira" (secondary forest) made up of shrubby "caatinga" (desert-like vegetation), that has been regenerating for over ten years. Guava cultivation began four years ago, and in the first two years guava was planted in combination with passion fruit (Passiflora edulis). The area is irrigated by microaspersion, with 6 m × 6 m spacing between plants. Between the rows of plants the soil is bare, favoring erosion and exposure to sunlight. The banana cultivation area has been irrigated by microaspersion for six years; for the first two years, it was under papaya (Carica papaya) cultivation, and bananas have been grown for the remaining four. Spacing between plants is 2 m, with 2.0 m and 4.0 m between single and double rows, respectively. The soil is completely covered by crop residues (leaves and stalks), and the soil beneath the banana plants is shaded. The irrigated perimeter of Baixo Acaraú is located in northern Ceará State, at the edge of the Rio Acaraú basin, encompassing areas in the municipalities of Acaraú, Bela Cruz, and Marco, 220 km from Fortaleza.
The average annual rainfall is 900 mm, with an average annual temperature of 28.1°C, an average of 2,650 h of sun per year, annual mean relative humidity of 70%, and mean annual evaporation of 1,600 mm (SUDEC/Departamento Nacional de Obras Contra a Seca, 1974) . The study area is flat at the collection points, typical of the Tabuleiros Costeiros, with a predominance of deep and welldrained Ultisols, which were formed from the Barreiras Group sediments. The water supply for the irrigated area is the Acaraú River, which is made perennial in the area by water from the Paulo Sarasate and Edson Queiroz public dams. The main irrigation systems are microaspersion and drip.
To classify the study area soils we opened two trenches, one in an area of native vegetation and another in an area under banana cultivation. Both soil samples were classified as Ultisols with character dystrophic and abruptic. The results of physical and chemical analyses can be found in Tables 1 and 2 . Samples were collected with an auger in an irregular grid containing 100 points, covering a continuous area with different uses. A single sample was collected at each point at a depth of 0.0-0.20 m, from forested (20 points, collected at random), guava cultivation (30 points, collected near the plant canopy) and banana cultivation areas (50 points, collected between rows). The points were georeferenced with the aid of Global Positioning System (GPS) to evaluate the spatial and temporal dependence (more samples were collected in areas with longer cultivation time) of the data using geostatistical techniques. Growing areas receive mineral and organic fertilizer every three months (Table 3) . The samples were air dried, broken into aggregates, and passed through a 2-mm mesh sieve. Subsequently, total organic carbon (TOC) levels were analyzed, and quantified by oxidation of wet organic matter with external heating, using a potassium dichromate solution following a method proposed by the Brazilian Agricultural Research Corporation (EMBRAPA, 1997). Chemical fractionation of humic substances (fractions: humic acid (C-HAF), fulvic acid (C-FAF), and humin (C-HUM)) was performed using methods proposed by the International Humic Substances Society (IHSS), as adapted by Benites et al. (2003) .
Descriptive statistical analysis was performed using the STAT program with the geostatistical computer package GEOSTAT (VIEIRA et al., 1983) . Initially, data were subjected to an exploratory analysis, to determine the mean, variance, standard deviation, coefficient of variation, extreme values (minima and maxima), and skewness and kurtosis coefficients. These two coefficients can be used to determine whether the data are normally distributed. All data were normally distributed, with the exception of C-HAF contents. Although normality is not a requirement for geostatistical analysis, C-HAF data were adjusted to best fit the semivariogram.
After the presence of spatial dependence was verified by adjusting the experimental semivariogram (VIEIRA, 2000), a theoretical model that best represents the data was developed, using variables such as range (a), nugget effect (Co), structural variance (C1), and the sill (C0 + C1). The interrelationships between the variables in the semivariogram can be used to determine whether spatial variability is present in the analyzed attribute. If C0 = C0 + C1, the variation is random, and the range value indicates the strength of variability (the lower the range value, the greater the spatial variability). Thus, a geostatistical sampling scheme can be used to optimize sampling, so that a smaller number of samples can be collected in areas with little variability and larger numbers can be collected in areas with greater variability (ZANÃO JÚNIOR et al., 2010) .
The semivariogram was estimated using the following equation:
(1) in which γ* = the semivariance among pairs of values separated by the distance h; h = distance among measured values; N(h) = number of pairs of measured points, Z(x i ), Z(x i + h); Z = attribute value; and, x i = position of determined attribute Subsequently, we performed model validation, using a tool called Jack Knifing (self-validation) for model adjustment (VIEIRA et al., 1983) . This procedure compares the adjusted models and indicates the optimal number of neighboring pixels around the point being estimated. This tool showed that the adjusted model was adequate, and also determined the optimal vicinity for making estimates, that is, the number of points to be used for estimating values at the non-sampled points.
The spatial dependence index (IDE), proposed by Zimback (2001) , was calculated to determine the degree of randomness. IDE values of <25%, 25-75%, and >75% represent weak, moderate, and strong spatial dependence, respectively.
After verification of the presence of spatial dependence through semivariogram adjustment, data interpolation was performed for the unsampled areas by kriging, using the parameters determined by the semivariogram (range, nugget effect, and structural variance), obtained from the best fit models, using the following equation:
In which Z* = estimated values for the variable in the study; X 0 = point to be estimated; N = number of neighbors used in the estimate; λ i = weighted value associated with each measured value; and, Z(x i ) = measured value.
To visualize the spatial distribution of the parameters, contour maps (isolines) were generated using the software ArcGIS v. 10, using kriging methods for most variables and the inverse square of the distance for TOC.
Results and Discussion
Data analysis using descriptive statistics (Table  4 ) allowed us to infer that the evaluated attributes showed high variability, suggesting high spatial variability. Normal distribution of the data was verified by analyzing the asymmetry coefficient and kurtosis, where values closer to zero for asymmetry and less than three for kurtosis indicated a normal distribution. The Shapiro-Wilk test for normality, at 5% probability, supported these results, because attributes with a normal distribution were those with smaller asymmetry coefficients. TOC = total organic carbon, C-HUM = carbon in the humin fraction, C-HAF = carbon in the humic acid fraction, C-FAF = carbon in the fulvic acid fraction, Min. = minimum, Max. = maximum, S = standard deviation, S 2 =variance, CV = coefficient of variation, Ass. = asymmetry; Kurt.= kurtosis. Normal distribution by Shapiro-Wilk's (w) test at 5% probability.
The spatial dependence of TOC, C-HUM, C-HAF, and C-FAF was verified by analysis of nugget effect parameters (C 0 ). The nugget effect represents the unexplained variability, which can be due to errors in sampling (sampling scale), in collection, in chemical and physical analysis, or the absence of spatial dependence. The sill (C 0 + C 1 ) is reached when the variance remains constant. The range (a) represents the maximum correlation distance between samples, that is, based on the range, the samples are independent of each other, indicating that mean values, from classical statistics, should be used (Table 5) . A pure nugget effect in the semivariogram denotes a random distribution in the study area. The TOC showed a pure nugget effect. C-FAF had a greater range, indicating that samples are correlated up to a distance of 50.36 m; that is, beyond this distance, samples are independent of each other. Variables with the greatest range for spatial dependence tend to be more spatially homogeneous (GONTIJO et al., 2012) . Table 5 . Semivariogram parameters for COT, C-HUM, C-HAF, and C-FAF of soil samples collected in forested, guava cultivation, and banana cultivation areas.
Variable
Unity
Pure nugget effect In the semivariograms of the TOC, C-HAF, C-FAF, and C-HUM fractions, shown in Figure 2 , we observed that all showed a Gaussian distribution, with the exception of the TOC, that presents nugget effect.
Adjustment of the theoretical model to the experimental semivariogram is one of the most important aspects of the application of geostatistics, because according to Vieira (2000) , the semivariogram model is the basis for all calculations used in geostatistics. Thus, adjustment of the semivariogram can result in differences in the spatial dependence of the values, according to which model is adopted.
The spatial distribution of the humic fractions (Figure 3) shows that more than 50% of the TOC in the different areas is comprised of the C-HUM fraction. Leite et al. (2003) found similar values for the C-HUM fraction, indicating that high C-HUM levels may be related to the greater resistance of this fraction and its association with soil minerals. In contrast, the FAF and HAF fractions show less stability, and can be polymerized, mineralized, or translocated into deeper layers, especially in sandy soils, thus reducing their residual contents in the soil (FONTANA et al., 2006) .
Studies of carbon and nitrogen stocks in degraded semiarid areas of Brazil (areas at risk of desertification) in soils subjected to heavy grazing and areas with grazing exclusion, showed that the HUM fraction contained the highest C levels (ranging from 27-48% TOC), followed by the HAF and the FAF fractions. The authors attributed the low levels of C humification to the semi-arid conditions, which restrict microbial activity and hence the humification process (SOUZA et al., 2012) . ). Levels of C-FAF were reduced in the central portion of the area under guava cultivation and increased approaching the guava-forested contacted areas, showing an edge effect, which was also be observed for C-HAF. The lower levels of C-HAF and C-FAF can be attributed to management because the soil is bare in these areas, facilitating erosion. Althoug in forested areas (deciduous vegetation) and banana, the soil are covered by leaves and culture residues, respectively. Similar results were published by Assis et al. (2010) in a study on the fractions of organic matter and phosphorus in irrigated agro systems in a semiarid region of northeastern Brazil. The authors observed a reduction in C-FAF to a depth of 0.15 m in cultivated areas with respect to native forest and concluded that TOC stocks and the C content of humic substances are reduced by soil cultivation, regardless of the management system, resulting in reduced soil quality. , respectively). This pattern may be related to the lower soil disturbance and maintenance of crop residues (leaves and stalks) in the area under banana cultivation, and the absence of no soil disturbance in the forested area, in addition to the litter contribution in the forested area (FONTANA et al., 2010) . Leite et al. (2003) observed increased polymerization of humic substances, with an increased ratio of C-HAF to C-FAF in a forested area. The authors concluded that in natural systems, increased organic matter helps to increase soil C-HAF.
The increased ratio of C-HAF to C-FAF observed in all management systems can be attributed to the higher mobility of C-FAF, which migrates to deeper layers. Similar results were found by Barreto et al. (2008) in an analysis of forested, pasture, and cocoa cultivation areas. Passos et al. (2007) observed increased C-FAH levels in the Cerradão area, concluding that the less mobile C-HAF and the slow decomposition of organic matter favored the humification process.
Conclusions
Banana cultivation and forested areas show similar distributions of the C-HAF and C-FAF humic fractions, due to a greater contribution of organic matter (leaves and stalks) in the banana cultivation area and to the absence of soil disturbance in the forested area.
Data interpolation (kriging) and mapping are useful tools to assess the distribution and spatial dependence of soil properties.
